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ASSESSMENT OF THE PERFORMANCE OF AN IN-FIELD GAUSSIAN PLUME/PUFF

MODEL FOR OVERWATER USE

C.E. Skupniewicz and G.E. Schacher

ABSTRACT

A U.S. Navy chemical hazard forecast computer model is
tested for consistency with Navz.l Postgraduate School field data
which were used in its development. The model's attempt to
forecast puff dispersion, for which a parameterization has not
been developed, is examined by comparison to relative dispersion
data sets. The parameterizations developed from the NPS data are
compared to an independently derived set of parameterizations,
demonstrating the generic applicability of the model. It was
found that the model predicts the total wi{dth over which a hazard
might occur reasonably well but underpredicts the downwind hazard
distance. This 138 due to lack of separate consideration of

meander effects.




I. INTRODUCTION

The U.S. Navy is currently in the process of developing a
capability to forecast chemical weapons hazard (CWH) for the
overwater regime. This 1is part of the Shipboard Numerical Aids
Prcgram (SNAP). The present implementation of CWH is encoded in
the BASIC programming language, and is designed for use on the
HP9845B micro-computer.

Among the major goals during the development of CWH for SNAP
were 3peed, user=-friendly operation, easy to interpret results,
and flexibility. The program runs extremely quickly, typically
producing the graphics output within about 10 seconds (neglecting
time for user inputs). This {3 accomplished in part by using the
relatively simple analytical Gaussian plume formnula as the core,
and in part by efficlent programming techniques. The program is
easily operated by a computer novice, with default options avail-
able for all user inputs. Since the program is designed to be
operational from shipboard during a potential battle situation,
the output s configured in easy to interpret polar coordinates
with radial compass bearing spokes spreading out from the
contaminant source, and "danger zones" contoured in units repre-
senting hazard to human life. The program is written using
meaningful varf{able names and a modular format. This will
facilitate easy modifications and additions in the future,

The purpose of the herein described research was to
investigate the behavior of the model under a full spectrum of

meteorological conditions, comparing predicted results to



measured values. As a first step, those measdred values were the
same data used to parameterize the Gaussian model. On first
thought, this procedure should be a needless, redundant exercise.
We will see, however, that this is not the case since some
valuable insights into model performance are brought forth.

Next, the model results were tested against a "pseudo-
instantaneocus" data set to examine how the model treats burst, or
puff, releases. As puff releases are of major concern in the
application of SNAP, these results are very important to the
model validation study.

Filnally, the model equations were compared to results of a
recent tracer experiment in the North Sea to test thelir applica-
bility at different locations. The true test of any such model

is 1ts geographic independence.




II. METHODOLOGY

In order to compare the model output to measured values, the
basic model equations must be presented and discussed. The
familiar Gaussian plume dispersion model, for a surface release
with no vertical limit to the plume spread is based on the
equation:

S ¥2
C(x,y,2) ® ===5-=  exp|=- z%=-n - ==- , (1)
y mayazU pl 25y2 2]

where C(x,y,2) 1s concentration, mass/volume

S . is the source emission rate, mass/time

X,¥+2 are distances measured from the release
point origin

U is the mean wind speed (in the x direction)

ay(x) is the standard defiation of the plume's

horizontal mass distribution

az{x) i{s the standard deviation of the plume's
vertical mass distribution

Note that oy and oz are functions of downwind distance, x, due to
plume spread. The factor S/U in the equation takes into account
that the material released in time dt 1s spread over length Udt.
We have assumed 100% reflection of the plume at the ground.
Obtaining the blological effects due to the plume is a
simple matter since Equ 1 predicts a nonchanging concentration at
each point in space. This concentration can be used to calculate

a dose rate, the total dose for some time period, etc. simply by

determining the total amount of air involved.




The situation is not so simple for an instantaneous release
of material, a burst, because the concentration at a point in
space 1s a time changing quantity. Equ 1 1is also used ror this
case, with the source emissior rate replaced by total amount of
material released and the calculated gquantity being "dosage"
rather than concentration. In order to understand the comparison
of this equation, as used in CWH model, to the simulated burst
data it is necessary to understand how it 1s obtained.

For a burst, the concentration (s given by

© - 2 qayardiziaga; ewels ghte - sz - gizal (2)

where Q is the total amount of material releazed and the factor
o2f 2 multiplier accounts for ground reflection. In Equ 2, x' 1is
measured from the center of mass of the puff; we suppress'the
time dependence of the concentration for the sake of simplicity.
The time dependence of the location of the center of mass can be
simply introduced using the mean wind speed.

We can define the dose at some point in space as the total
amount of material that crosses a given area aligaed perpendicular

to the mean wind as the puff advects past the point. Dose i3 given

by
- --9__ I SR 1
dose Ayszwcch exp| 20y2 2022] , (3)

where AyAz is the area. In what follows we will use a unit area,
Aybdz = 1, Equ 3 1s obtained by integrating Equ 2 over all x. The

standard deviations are functions of the distance from the release




point, as in Equ 1. -Note that dose depends only on the parameters
which describe the puff.

For biological applications, it is important t¢ know how long
a particular level of concentration remains at a point, rather than
the total dose. For this reason the quantity dosage is introduced.
We assume that the mean wind speed does not c¢contribute to the
spread of the puff other than how it affects the turbulence spec-
trum. The only affect of the speed is to transport the puff at a
particular rate. Thus, the length of time that the calculated
concentraéion will exist at a point depends inversely on the wind
speed. Dosage 1s defined to be the dose divided by the wind speed:

D = dose/60U, (%)
where we have used the fzctor of 6C to change the units from kg
sec/m3 to kg min/m3, the common usage for calculating hazards to
personnel,

The CWH model calculates ground level, hazard isopleths. The
isopleths are the loc¢i of coordinates for a particular predeter-
mined dosage. We let the specified dosage be Dg, and the value of
crosswind distance at which this dosage occurs for some downwind
distance be yg. Then, using the definitior of dosage given in Equ
4, substituting Equ 3 for dose, and setting 2z=0, for ground level
impact, we easily derive:

ys(x) = oy[21n(Q/60mDgoya,U)] (5)




The makimum downwind distance at which this dosage can occur
can be found by setting y=0 and solving for x. Since the x-depend-
ence 1s absorbed in the standard deviations, it i3 necessary to
have analytical forms for these quantities before this step can be
carried out. This is done by parameterizing puff growth using
experimental data; the results are presented in Skupniewicz and
Schacher (1984).

The forms needed are:
oy(x) = ax¢
(6)
gz(x) = bxd
The values of the constants, a, b, ¢, d, can be found in the
reference, Substituting in Equ 5 for the standard deviations,
substituting y=0, and soiving for x gives:

Xmax * (q/60Dgabl)(1/(c+d)) (7)

The CWH model computes lethality isopleths that are referenced
to the expected percent of personnel that will be casualties. For
example, LDS50-GD means that the specified dosage would result in
0% casualties from tuhe gas GD. 1In order to convert the Gaussian
calculation of dosage, which is based on the amtient concentration
in the air, to lethality, it Is necessary to know such quantities
as inhalation rate, bioclogical effects, etc. The CWH model
contains the information needed to make the conversicn in a look-up
table, which is based on the total mass reaching the lungs in 1
min.

The exper.mental data which are used for this model validation

study come from tracer measurements of ambient concentration, mass




e -

per unit volume, from a continuous release plume. As can be seen
from what has been presented above, alli that is needed to convert
the source rates to mass released, in order to simulate a burst
release, is to multiply the rate by ' min, 60 sec. This converts
individual surface concentration measurements to dosage for direct
cuomparison to the CWH model isopleths. Since the CWH model
graphics output is in units of lethal dosage, we have also had to
use the model's look~-up table to convert experimentally determined
dosages to those units. Once this was done, we had transects of
lethal dosage as a function of crosswind distance for various
downwind distances. The experimental transects are far enough
apart in time and spuce that they cannot be used to construct
isopleths. Rather, we compare the CWH model results to the
individual transects., This was done by superimposing, on the model
output, the location of the center of the plume, and by using
hashmarks connected by a line through the center point to indicate
the lucations where the concentration falls to the value
appropriate to the specified lethality. The results are shown i{n

the next section.
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I1II, COMPARISON TO ONE-HOUR AVERAGED CONCENTRATION PROFILES

These results use, as a data base, a subset of the data used
to produc¢e the sigma-y and sigma-z parameterizations implemented
in CWH. Only data whose ground-level concentration transects
were known, or could be derived, were selected. Also, only those
data whose absclute cooruinates were known (in relation to the
source and mean wind directiorn’ were used. By applying these
criteria and forming hourly averages of the experimental data,
direct comparison to CWH output could be made.

As with the original sigma formulae, the data were divided
into Pasquill-Gifford equivalent stability classes. For an
explanation of the techniques involved in the sigma parameter-
izations and the deterﬁtnation of stability class over water, see
Schacher, et. al. (1982). 1In addition, data within each
stability class were binned into wind speed categories with a
range of 2 m/s each.

Figures 1.1-1.12 present the CWH model isopleths and the
hourly averaged composite transects, starting with the most
stable (E), lowest wind speed casé and progressing through the
least stable (B), highest wind speed case. The representation of
the transect data is explained in the former section. A single
plotted transect i{s the average of 2 to 15 instantaneous
"snapshots" of the continuous plume.

The CWH output has an "N" that indicates north. Note that

the model graphics uses both 0 and 360 for the north bearing, and




also uses : angles when 0 is used for north. No reason for these
two presen‘tions is known.

The stability/windspeed categories have varying numbers of
transects, and not all windspeed categories have entries.
Classes B and C contain only a small number of transocts and

conclusions based on these data cannot be drawn.

A Figure 1., SKAP one-minute dosage output for various NFS

?3 stability classes and windspeed categories compared to hourly

T averaged concentration transects. Open circles locate the center
ey of mass. Hash marks correspond to LD1-GD . The model's source

size and lethal dosage levels have been scaled down to match the
experimental release rates. HNote that ring scaling occasionally
changes from 1000 to 500 yards. An arrovw at the source indicates

x 'Y

i
[

8,

gﬁ true north. The following table gives wind speed and class for
3Q each figure,
gi FIGURE NPS/P-G STABILITY CLASS WINDSPEED
o
e 1.1 E 3-4 m/s
§ e
2 1.2 E 4-5
‘:.. 1 03 D 2-3
&
'1"'1. 1 . n D 3"“
.-.‘J
P
]
o 1.5 D 4-5
E! 1.6 D 5-6
hed
:.: 1 07 D 6-7
)
a 1.8 D 7-8
»
- . ‘ c9 D 8-9
'3
o 1.10 D 9
0 . e
Aé over
g; : 1.11 c 4-5
- 1.12 B 2-3
9
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RINGS = 100@ YRRDS

TERRAIN TYPE GrEN-SER

MEAN WIND 7.77008777001

KTS FROm 160.2
DEG TRUE

STRABILITY CATAGORY D MODIFIED PASQUILL

MUNITION TYPE MK116-SIZE BOMB/MISSILE (SCALED>
SOURCE TYPE POINT~BURST

SOURCE SIZE (effective) 189 KG

INSTANTANEQUS

SOURCE RRTE

APPROX MAX

CONTOUR LABEL POTENTIAL CASUALTY EFFECTS
(DOSE-AGENT) (WITHOUT PRQTECTION) RANGE

- LDS0-GD $8% DEATHS - MOST INCAPACITATED 21963 YARDS
- LD1-GD 1% DEATHS - MANY INCAPACITATED $9274 YARDS
) FOR_TEST AND EVALUATION USE ONLY!
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PON HAZARD FORECAST PROGRAM = SNAP XX, X

- 40

H i i
K X --~s..{-.-.-\T.

> .

s

TERRRIN TYPE
MEAN WIND

STABILITY CATAGORY

MUNITION TYPE
SOURCE TYPE

SOURCE SIZE (effective)

SOURCE RATE

RINGS = 1000 YARDS

BEARINGS IN TEG TRUE

OPEN-SER

9.71230971251
vTS FROM

D MODIFIED PASQUILL

MK116-SIZE BOMB/MISSILE

POINT-BURST

. 189 KG

INSTANTRNEQUS

PLOT FORMAT #1

212. 1709090491
DEG TRUE

(SCALED)

-ﬂ.-.----..f‘.--.‘.--'.-.--..-....I.-..-.I‘-.--......------.I--.--...---IGCICOI

CONTOUR LABEL
(DOSE-AGENT)

- LDSe-GD
- LD1-GD

POTENTIAL CASUALTY EFFECTS
(WITHOUT PROTECTION)

90% DEATHS -~ MOST INCAPRCITATED
1% DEATHS -~ MANY INCAPRCITATED

FOR TEST AND EVALUATION USE ONLY!
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Fig. 1.6

CHEMICAL WEAPON HAZARD FORECAST PROGRAM = SNAP XX.X
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RINGS = 1D@@8 YRRDS BERRINGS IN DEG TRUE PLOT FORMRAT #1
TERRRIN TYPE OPEN-SER
MERAN WIND 11.65501165S
KTS FROM 196.818
DEG TRUE
STABILITY CATAGORY b1 MODIFIED PASQUILL
MUNITION TYPE MK116-SI2E BOMB/MISSILE (SCRLED>
SOURCE TYPE POINT-BURST
SOURCE SIZE (effective) . 189 KG
SOURCE RATE INSTANTANEQUS
tt t b EEE R R E AR R EEE RS E SRR E R R R R E R RS EER R R R R E R R R EE R R R RS R E R R E SRR
CONTOUR LRBEL POTENTIAL CASUALTY EFFECTS APPROX MAX
¢(BOSE-RGENT) CWITHOQUT PROTECTIOQND RANGE
- LDS0-GD S$0% DEATHS - MOST INCRPACITRTED 15363 YARDS
- LD1~-GD 1% DERTHS - MANY INCAPACTTATED 43798 YRRDS
FOR TESY AND EVALUATION USE ONLY!
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RINGS = 1000 YARDS

—

TERRAIN TYPE
MEAN WIND

STABILITY CATAGORY
MUNITION TYPE

SOURCE TYPE

SOURCE SIZE (effective)
SOURCE RATE

t st i 2 2P 2R EEEEER RS E RS R R R 22222 REEEE SRR RS

CONTOUR LABEL

POTENTIAL CASURLTY EFFECTS

BEARINGS IN DEG TRUE BLOT FORMAT #1

QPEN-SER

13.597313397S
KTS FROM 239.416666667

DEG TRUE

D MODIFIED PASQUILL

MK116~SIZE BOMB/MISSILE (SCALED>

POINT-BURST

.189 KG

INSTANTANEOUS

APPROX MAX
(DOSE-RAGENT) CWITHOUT PRCTECTION) RANGE
- LDSQ-GD 50% DEATHS - MOST INCAPACITATED 13873 YARD3
- LD1-GD 1% DEATHS - MANY INCAPARCITATED 33033 YARDS

FOR TEST AND EVALURTION USE ONLY!
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1000, YARD

TERRAIN TYPE
MEAN WIND

STRBILITY CATAGORY
MUNITION TYPE

SOURCE TYPE

SOURCE SIZE (effectived
SOURCE RATE

SRNESVVEESSESSNENLNEUNAEETENS

CONTOUR LRBEL
(DOSE-AGENT)

POTENTIAL CASUALTY EFFECTS

BERRINGS IN DEG TRUE FLOT FORMAT #1

OPEN=~SER
15.54001554

KTS FROM 20%3.128571429

DEG TRUE
D MODIFIED PASQUILL

MK116-~SIZE BOMB/MI3SSILE
POINT-BURST

. 189 KG

INSTANTANEOUS

(SCALED>

E 2 2 2 2 EEREEEEESEEEEEEEEEE SRR RS RS LEEE R R F

APPROX MAX

(WITHOUT PROTECTION) RANGE

- LDS@-GD
< LD1-GD

FOR TEST AND EVALURTION

$0% DEATHS - MOST INCAPACITATED
1% DEATHS - MANY INCRPACITRTED

12557 YRRDS
33335 VARDS

USE ONLY!
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CHEMICAL WEAPON HAZARD FORECAST PROGRAM = SNAP XX,X

Fig. 1.9
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RINGS = 1000 YARDS

TERRAIN TYPE
MEAN WIND

STABILITY CATAGORY
MUNITION TYPE

SQURCE TYPE

SOURCE SIZE (effective)
SOURCE RATE

PLOT FORMAT #I

BERRINGS IN DEG TRUE

OPEN-SER

17.4823517432S
KTS FROM 208,24375
DEG TRUE

0 MODIFIED PRSQUILL

Mt 16=-12E BOMB/MISSILE (SCALED)

PUIrT--BURST

. 189 KG

INSTANTANEOQUS

CONTOUR LABEL
(DOSE-AGENT)

- LDSO-GD
- LD1-GD

POTENTIAL CRASUALTY EFFECTS APPROX MAX
(WITHOUT PROTECTION) RANIGE

S@% DEATHS -~ MO3T INCAPACITATED 11581 VYRARDS

1% DERATHS =~ MANY [NCAPACITATED 32382 WYARDS

. FOR TEST AND EYALUATION USE ONLY!
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Fig. 1.10
CHEMICAL WEAPON HAZARD FORECAST PROGRAM - SNAP XX,X
=2
W
o |
4 e
] -d
]
fen] |
| {
o= 1
|
RINGS = 1309 YARDS BEARINGS IN DEG TRUE PLOT FORMRT #l—d
TERRAIN TYPE QOPEN-SEA
MEAN WIND 19.42501942%
K18 FROM 238,320833333
DEG TRUE
STABILITY CATAGORY D MODIFIED PASQUILL
MUNITION TYPE MK116-S12E BOMB/MISSILE {(SCARLED)>
SOURCE TYPE POINT-BURST
SOURCE SIZE <(effectiva)d . 189 KG
SOURCE RATE INSTANTRNEQUS

BN USSR N S R S A S S T I S E N I R S T E S NS EE NI ENEI LR EEERALAEIAZAXRTTZIITBXARIT IR

CONTOUR LABEL POTENTIAL CASURLTY EFFECTS APPROX MAY
(DOSE-AGENT) (WITHOUT PROTECTIOND RANGE

- LDS@-GD 30% DEATHS - MOST INCAPACITATED 10631 YRRDS3
- LD1-GD 1% DEATHS - MANY INCAPACITRTED 299135 ¥RARDS3

FC/ TEST AND EVALUATION USE GONLY!
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Fig. 1.11

i CHEMICAL WEAPON HAZARD FORECAST PROGRAM = SNAP XXX
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TERRAIN TYPE
MEAN WIND

STABILITY CATAGORY
MUNITION TYPE

SOURCE TYPE

SOURCE SIZE (effective)
SQURCE RRTE

OPEN-SER
3.71250971251

KTS FROM
c MODIFIED PARSQUILL
MK116~S1ZE BOMB/MISSILE (SCRLED)
POINT-BURST
« 189 KG
INSTANTANEOUS

64 DEG TRUE

CONTCUR LABEL
{DOSE-AGENT)

POTENTIAL CASUALTY EFFECTS
(WITHOUT PROTECTION)

APPROX MAX
RANGE

- LDS@e-GD
- LD1-GD

%@% DERTHS - MOST INCRPARCITATED
1% DEATHS - MANY INCRPACITATED

6824 YRARDS
16216 YARDS

FOR _TEST HND EVALUATIUN USE ONLVY!
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CHEMICAL WEAPON HAZARD FORECAST PROGRAM = SNAP XX,X
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RINGS = 1900 YARDS BEARINGS IN DEG TRE BLOT FORMAT #1

TERRRIN TYPE OPEN-SER
MEAN WIND S.82738382731
KTS FROM 94 DEG TRUE

STABILITY CRCAGORY B MODIFIED PASQUILL
MUNITION TYPE MK115~-SIZE BOMB/MISSILE (SCALED)

SOURCE TYPE POINT-BURST T

SOURCE SIZE (effective) . 189 KG
SOURCE RRTE INSTANTANEQUS

CONTOUR LABEL POTENTIRL CRASUALTY EFFECTS APPROX MAX
(DOSE-AGENT) (WITHOUT PROTECTION) RANGE

- LD30-GD $8% DEATHS - MOST INCAPACITATED 47380 YARDS
- LD1-GD 1% DEATHS - MANY INCAPACITATED 12045 YARDS

FOR _TEST AND EYALUATION USE ONLY!
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Examination of these plots {mmediately shows that the cloud
does not consistently follow the mean flow, even with one hour
averaging. Variation of the actual cléud size |Is quite large,
typically ranging from 1/3 to 3 times the predicted size. These
two facts tend to suggest that the predicted cloud size s
underpredicted by CWH for a one-hour average of one-minute
dosages (recall that CWH (s predicting one~mirnute dosage of a
single puff). It is obvious that meander effects (the gcatter
about the mean wind direction) should be included for a one-hour
prediction.

CWH mathematically adjusts the puff "footprint® proporticn-
ally to 1ln(wind speed-!). Examination of the wind speed
categories, particularily class D, suggests that the actual
footprint is affected by wind speed changes in a much more
dramatic fashion. Most abnormally wide transects are assocliated
with lower wind speed while the highest wind speed category
exclusively contains transects narrower than the average.

This may be explained by the dependence of the surface
roughness on wind speed over water. Roughness, and dispersion,
will increase with {ncreasing wind speed. As an example of how
this may be important, consider class D. Class D, neutral, can
result from either high wind speed or low air-sea temperature
difference. Thus using a single class, with no explicit
wind speed dependence, can not be adequate to describe diffusion.
In addition, the effects of meander are damped with increasing

wind speed. These effects suggest that the Pasquill-Gifford

22




s

stabllity classes do not sufficliently explain overwater
dispersion and need refinement,

One obvious feature of most of the plots is the generc.

tendency for the cloud to veer to the right with increasing range.
This s a distinct characteristic of the sea-breeze regime, the

dominant meso-scale synoptic situation during the tracer experi-

A =
, ‘

s

ments. The mean wind was recorded at the release site, typically

el

Several miles offshore. As the sea breeze approaches the shore-
line and the convergence zone, acceleration due to the pressure
gradient decreases. The Coriolis force becomes more influential,

"pulling"” the flow to the right%.
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Iv. COMPARISON TO PSEUDO-INSTANTANEOUS CONCENTRATION PROFILES

The primary goal of CWH, as stated earlier, is to predict
total dosage realized over a one-minute period. Using one-hour
average sigma formulae, as is presently implemented in CWH, will
predict the average one-minute dosage expsrienced by releasing a
statistically large number of puffs over a one-nour period. If
the goal is to predict the impact of a single released puff, one-
hour average sigma formulae will predict a wider and shorter
region of impact than should be expected. This can be a conserv-
ative approach, from the user's point of view, in determining how
far off the downwind axis is "safe", but dangerous when deter-
mining how far down the centerline axis is "safe'. This will be
explained more fully at the end of this section.

To examine the actual behavior of a single puff, a pseudo-
instantaneous puff data set has been compiled. This set was
produced by recombininglthe individual transects through the
plume. The center of each transect was superimposed and new
hourly averages formed. Such an average gives the "typlcal"
croas-wind concentration dependence for a puff for that hour.
Processing the data in this way removes meander from the results,
so that the sigma~-y produced contains only relative diffusion
about the puff center of mass.

There are two assumptions made in this data analysis. Note
that the data are obtained from measurements made during
transects through a continuous plume, not a burst release. We

assume that. lateral and longitudinal dispersion are independent

24




AL AR A,

L e ')
a’e

-

when using a plume to simulate a burst. We further assume that
the sizes of the plume and burst are approximately the came 30
that they would respond in the same way to the turbulence,

The results are shown in Figures 2.1-2.9. The size and
placement of esach "puff" is indicative of an individual puff.
W11ile these data are somewhat a function of averaging time, the
individual profiles were measured over a short enough period of
time so that, in most cases, the variance between individual
transect's sigmas was small compared to the average size of the
plume cross section (the pseudo-instantaneous cross section).

Exzamination of the figures reveals that the individual puff
widths are almost exclusively less than or equal to the model
prediction. This is convenient, in that the hourly average sigma
values define the upper limit of puff growth for this data set.
In addition, the area enveloped by CWH isopleths appear to be
more rcpresentative of the scatter of puffl profiles due to-
off-axis deviations of the centers of mass. This suggests that
the "danger zone" predicted by CWH is representative of the total
possible area of coverage by a burst rather than the area covered
by a single burst.

In order to correctly interpret these results, it is
important to recognize that the CWH model conserves mass. This
means that, {f it predicts too wide a hazard corridor, it must
also predict too short a range for the hazard. This is almost a
"conservation of area covered" principle. Comparison of the
model predictions and the data shows that this is the way CWH

behaves.
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The data set used for these comparisons is not sufficiently
large to enable separation of the relative diffusion about the
center of masas and the meander, which would allow a true "scatter

envelope™ to be determined.

Figure 2. Same as Figure 1. except CWH output vs. pseudo-
instantaneous averaged profiles. Note that this data set {is
significantly smaller than the hourly averaged data set (Figure
1). The following table gives windspeed and class for each
figure.

FIGURE NPS/P-G STABILITY CLASS WINDSPEED
2.1 E 3-4
2.2 D : 2-3
2.3 D 3-4
2.4 D 4-5
2.5 D 5-6
2.6 D 6-7
2.7 D 7-8
2.8 D 8-9
2.9 D 9+
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Fig. 2.1
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STABILITY CRATAGORY € MODIFIED PRSQUILL

MUNITION
SOURCE -~
SOURCE S

TYPE MK116~-SI2E BOMB/MISSILE (SCALED)
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12E (effective) .189 KG
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- LD1-GD

S0% DERTHS - MOST INCAPACITATED 43316 YARDS3
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Fig. 2.3
CHEHICAL HEAPOM HAZARD FORECAST PROGRAM = SNAP XX.X
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Fig. 2.4

PON HAZARD FORECAST PROGRAM = SNAP XX.X
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Fig. 2.5
CHEMICAL WEAPON HAZARD FCRECAST PROGRAM = SNAP XXX
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Fig. 2.6
CHEMICAL WEAPON H
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STABILITY CATAGORY
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PLOT FORMAT #!
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D MDODIFIED PRSQUILL
MUNITION TYPE MK116-SI2E BOMB/MISSILE (SCALED>
SOURCE TVYPE POINT-BURST
SOURCE SIZE (effective) .139 KG
SOURCE RRATE

POTENTIRL CASURLTY EFFECTS APPROX MAX
(DOSE-RGENT) (WITHOUT PROTECTION) RANGE
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- LD1-GD 1% DERTHS =~ MANY INCAPACITATED 33838 YRRDS

FOR _TEST AND EVRALUATION USE ONLVY!
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Fig. 2.7
CHEMICAL WEAPON HAZARD FORECAST PROGRAM = SNAP XX.X
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SOURCE RATE INSTANTANEOUS
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CONTOUR LABEL POTENTIRL CASURLTY EFFECTS APPROX MAX
(DOSE-RGENT) (WITHOUT PRAOTECTION) . RANGE

- LDS0~GD 50% DERTHS - MOST IMCAPACITATED 12557 VYARDS
- LD1-GD 1% DEATHS - MANY IMCAPRCITATED 35335 YARDS

FOR TEST AND EVALUATIOM USE ONLY! -
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TERRAIN TYPE
MEAN WIND

STABILITY CATAGORY

MUNITION TYP
SOURCE TYPE
SUURCE SIZE
SOURCE RATE

RINGS = 1000 YPRDS

BERRINGS IN DEG TRUE

OPEN-SER
17.482517482S
KTS FROM 197.442857143

DEG TRUE

D MODIFIED PARSQUILL
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POINT-BURST
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INSTANTANEOUS
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(effective)

PLOT FORMAT #1
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(DOSE-AGENT)
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APPROX MAX
RANGE
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S0% DERTHS - MOST INCAPACITATED
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Fig. 2.9

CHEMICAL WEAPON HAZARD FORECAST PROGRAM ~ SNAP XX.X
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RINGS = 528 YARDS

TERRAIN TYPE
MEAN MIND

STABILITY CRTRAGORY
MUNITION TYPE

SOURCE TYPE

SOURCE SIZE (effective)
SOURCE RATE

BERRINGS IN DEG TRUE PLOT FORMAT #1

OPEN~-SER
19.4230819423
KTS FROM 227.363

DEG TRUE
D MODIFIED PRSQUILL
MK116~S1ZE BOMB/MISSILE (SCRLED)
POINT-BURST
. 189 KG
INSTANTANEOUS

CONTOUR LABEL POTENTIAL CASUALTY EFFECTS APPROX MAX
(DOSE-AGENT) (WITHOUTY PROTECTION) RANGE

- LD%8-GD $90% DEATHS - MIST INCAPRCITARTED 1963t YARDS
- LD1-GD 1% DEATHS - MANY INCAPACITATED 29918  YARDS

FOR_TEST AND EVALUATION USE ONLY!
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V. COMPARISON OF THE NPS SIGMA-PARAMETERIZATION TO AN

INDEPENDENT DATA SET

This report and the findings of many other ifnvestigators
have demonstrated that Gaussian-type dispersion model results are
heavily influenced by the choice of sigma-y and sigma~z values,
Measured values have been shown to fluctuate radically, and are
dependent upon numerous independent variables (3ee Hanna, et al.
1977). Because of this complexity, these investigators (NPS
included) inevitably choose to predict sigma via semi-empirical
methods. A grcup of "important™ variables are selected, and
curve-fitting ensues. Becausa this approach {s based on
correlation, and not physical causs-effect relationships,
experimental "evidence™ shculd always be required to substantiate
results.

To verify the NPS parameterization, the results of a tracer
experiment conducted by the Cerman Military Geophysical Office
(GMGO) in the North Sea were obtained. (See Groll, et al. 1983).
This experiment was performed about 80 km NW of Helgoland, far
removed from possible shoreline effects. Sigma formulae
presented in this section are based on continuous releases of SF6
gas. Techniques were similar to those used by NPS.

The stability class parameterization scheme selected by GMGO
was based on the same two key varlables used in the NPS scheme;
mean wind speed and air-sea temperature difference., NPS also

used relative humidity, but its affect on stability-is minor.
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The GCMGO class boundaries were chosen empirically so that sigma
curves would present marked differences. The stability classes

are therefore unique, and will not coincide with the

—
-

o le]

NPS/Pasquill-Gifford categories. Some conclusions c¢an be made by

interpolation, and noting that the selected independent variables

are similar. The neutral classes, centered abcut negligible

air-sea temperature difference or due to high wind speed, should

R R ]
zni:.’.}!}.ﬁ‘-.‘

..

theoretically be {dentical.

Another problem in comparing the NPS results to the GMGO
results was the averaging time. NPS perfcrmed one~hour averages
in contrast to the two hour pericd used by the German
investigators., This difference should bde significant in the
sigma-y results, where meander effects are strongly a function of
averaging time., Sigma-z, on the other hand, should not be
affacted by different averaging times for a sampling period
larger than a few minutes.

GMGO calculates two separate horizontal parameters; one
accounting for meander effects, and another affected only by

dispersion relative to the plume centerline (the instantaneous,

or puff, sigma-y of the previous section). The two-hour average
3 results presented represent the combined effects of both
b parameters. At the time of this report, NPS has not converted
$ its instantaneous data set into analytical formulae, so {t is not

) possible to compare NPS and GMGO instantaneous results.
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The basic equation used in CWH for the sigma parameteri-

zation, a form of which was given in Equ 6, 1is

'-;-‘fii

ny ;‘:" X <

ol g(x) = ¢ (z===) (8)
e ref “Xrar

gﬁg where o(x) 1s either ay(x) or oz(x)

X

:ﬁ Opaf is a constant defining the cloud size at the

o
LT IR

a is an empirical constant

Note that the reference terms can be combined into oane
constant. The NPS and GMGO constant values used for this compar-

ison are given in the following table.
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W

Ry

S 7 Ny R

SIGMA-Y SIGMA-Z

DATA STABILIT!' a Uref [+ 3 aref
C .70 20.0 .70 8.0
NPS
1 hr. D .69 15.1 .65 3.2
average
E .65 16.1 .62 1.8
23 '7 3908 - -
GMGO
2 h!‘. Zb -7 27.8 —-- - -—-
average
6a o7 39.2 ——- -
6b .7 27.0 --- --- |
!
2 «7 9.7 .56 18.2
GMGO
"{instantaneous" 4 .7 8.1 L4l 14.9
6 .7 6.8 «32 12.1

* NPS classes are Pasquill-Gifford equivalent.
GMGO classes are 2: (aT/U;2 « [-.3, -,15]
4; " - [-.01, .01]
6: " - [-15- .3]
a: wind speed < 10 kts
b: wind speed > 10 kts
where AT is air-sea temperature difference (K)

1} is mean wind speed (m/s)
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Figure 3.1. Sigma-y vs. range for th. Naval Postgraduate School
l-hour average scheme and the German Milir~-ry Geophysical Office 2-hour
average scheme. The GMGO class 2 and NPS class C are unstable data,
while the GMGO class 6 and NPS class E are stable. NPS class D is
neutral stability. GMGO class 4 representing neutral conditions was
roughly in between the class 2 and 6 curves. Subscript "a" refers to .

low wind speeds, while "b" references high speeds.
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1000+

SIGMA-Y (M)

Figure 3.2. Sigma-y vs. range comparison between the NPS l-hour
average scheme and the GMGO "instantaneous” data set (representing ‘
dispersion from the center of mass).
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Figure 3.1 compares the GMGO 2-hour average sigma-y to the
NPS 1-hour averages. Figure 3.2 compares the GMGO instantaneous
values to those same NPS 1-hour averages. The figures show the
NPS curves to lie, as expected, between the GMGO 2-hour
and instantaneous curves.

The first conclusion one can draw from the figures is that
meander dominates the results. This can be seen from the large
differences in the results for the various averaging times:
instantaneous, one~hour, and two-hour. All of the sigma-y curves
are bounded by the GMGO two-hour, 2a curve on one side and the
GMGO instantaneous, 6 on the other.

Figure 3.1 shows the importance of the GMGO wind speed
subclass. Classes 2a and 6a, and alsc 2b and 6b, lie almost on
top of each other, while the a and b curves show large
differences in their behavior. Recall from the table that
subclass a is for wind speed less than {0 kts while b 1sAror 10
kts and greatei. This result 1s not conclusive since wind speed
‘is one parameter needed to determine stability and cannot be
treated as a completely independent parameter. However, the
results do indicate ﬁhat including wind speed only in the
stability calculation probably does not sufficlently account for
the dependence on this parameter. This may be due to the strong
wind speed dependence oif meander. The GMGO i{nstantaneous results

- presented in Figure 3.2 are essentially meander independent and
do not show the strong wind speed dependence.

One would expect that the GMGO and NPS neutral classes would .

show the same behavior. The figures show that this {s not the
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case.

3.1

between those for classes 2 and 6.)
since the twec analyses are not directly comparable because of the
different averaging tlimes,

Figure 4 shows the coﬁparison of sigma-z values,
apparent that the GMGO values are somewhat larger than the NPS,

but the agreement 1s generally better than for sigma-y.

significant fact
accounts for the
than it does for
to the fact that
diffusion.

No in-daepth

results has been

(Note that the neutral GMGO case is not shown in Figure

in order to reduce clutter on the graph,

The results fall
This 1is not of much concern
class definitions, etc.

It s

The most
13 that a stability classification scheme
variability in vertical diffusion much better
This 1{s due

horizontal, c¢ross wind diffusion.

meander does not contribute to vertical

analysis of the comparison of NPS and GMGO

undertaken. The purpose of this comparison is

‘- Pa

only to show verification (or lack of verification) of the CWH
model predictions. NPS preliminarily concludes that the
empirical methods for determining dispersion are similar, but do
not sufficiertly agree to conclude that either parameterization
fully explaihs dispersion. Uncertainties could be calculated and
errors estimated, but adding such estimates to the already
empirical formulae would give confusing and difficult to
interpret results. 1In order to proceed further with the
comparison it would be necessary to reanalyse one of the data

sets based on the classification scheme used for the other,

44

MECN &)

B3 L T v}v\. B T T | * Wt

R DL CORR PR Aoy et :‘:.;\;?Jrht\.&J5x%Ln.&ﬁin}ﬂ?Y\Hk)(.xJﬁ

PSR R o




CONCLUSIOQONS

Comparison of 3NAP's Chemical Weapons Hazard Program to the
one-hour average plume dispersion data used in its parameteri-
zation has shown the model i3 operating as expected. When drift
of the cloud (due to meander) 1is includa2d, the region of impact
is shown to dramatically lincrease.

In its present form, CWH appears to be predicting a hazard
"anvelone" that 1s reasonable when examining a possible puff
event, taking meander effects into consideration. The downwind
axis ranges predicted by CWH to be hazardous are undoubtedly
underestimated, since the range-dependent sigma-y values are
approximately the upper limit of the pseudo-instantanecus puff
widths,

The NPS aigma formulae are reasonably close to the rasults
of an independent tracer experiment, allowing CWH to be con-
sidered as a site~-independent model. The comparison does point
out some differences, however, and future research should examine
refinement of stability parameterization schemes. It is becoming

apparent that stability is a good parameter for predicting

vertical diffusion but i{s not sufficient for horizontal diffusion.

To improve sigma parameterizations, and ultimately CWH's
usefullness to SNAP, meander effects must he directly addressed.
This could mean a different "concept” in the prediction of hazard
regions is needed. The problem can be divided into two
predictibns; one predicting the characteristics of a single puff

in its center of mass coordinate system, and a second predicting
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the probablistic characteristics of the puff's downwind
trajectory.

CWH is a single parameter diffusion model: It assumes that
the hazard moves in the downwind direction and uses puff/plume
width to predict the width of the hazardous corridor. This type
of model works well for continuous plumes and long averaging time
It will also work for burst releases 1f the prediction required
is the totai area over which a hazard might occur. In that case,
as has baen stated above, the downwind hazard distance has been
underestimated. This could be corrected by using the puff
relative diffusion width to dete. nine the c«istance.

The problem with this "patchwork" approach {s that it lumps
together two entirely different concepts. One is that the spread.
of the puff about its center of mass reduces its lethality. The
second concept is that the puff may or may not pass over a given
location., It is important at this state of the CWH model devel-
opment to bte able to correctly predict both effects. Exactly how
the results will be used depends oh user needs, and it may be
that more than one type of CWH display is needed. In any event,
an investigation of meander should be undertake.. so that the
probability distribution function for the puff center of mass

location will be known.
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